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Editor: G.F. GiudiceIn [1] we proposed a supersymmetric leptogenesis model
where the two heavier right-handed neutrinos N2,3 have Yuka-
wa couplings naturally larger than what suggested by neutrino
masses. This allows to avoid the potential conflict between su-
persymmetry and thermal leptogenesis [2] by enhancing the
CP-asymmetry ε1 in N1 decays without significantly reducing
the efficiency η. These parameters determine the final baryon
asymmetry as n /nB γ = −ε η/1 109.
As pointed to us by S. Davidson, when studying the reduc-
tion in η we only considered the wash-out produced by on-shell
exchange of N2,3: off-shell exchange of N2,3 can give an extra
important contribution.
It is useful to understand from a more general point of
view that off-shell wash-out is directly linked to the mecha-
nism that enhances ε1. While in the standard leptogenesis sce-
nario ε1 is dominantly generated by the dimension-5 neutrino
mass operator mediated by N2,3, in our scenario N2,3 medi-
ate the dimension-7 operator (LH)∂ (LH)2 , that dominantly
contributes both to ε1 and to off-shell wash-out. It is therefore
crucial to ensure that a sizable enhancement of ε1 does not im-
ply a sizable reduction of η. The relevant non-renormalizable
effective operators present at energies around the N1 mass are
the supersymmetrized version of
(A.1)Leff = c5 (LH)
2
2
+ c7 (LH)∂ (LH)
2
2
+ h.c.
Here L is the canonically normalized combination of Le,µ,τ
flavors produced in N1 decays (at T  10 GeV de-coherence9
effects become relevant, and can be taken into account as de-
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Open access under CC BY license.scribed in [3]). In our model L = λˆe1Le + λˆµ1 Lµ + λˆτ1Lτ and
the efficiency is maximal for c7 = −λ23(M3 − M )/M M2 22 23 ; the
model is designed such that c5 has a negligibly small effect. Ne-
glecting the c5 · c7 interference term, these operators contribute
to the equilibrium space–time densities of L = 2 wash-out
scatterings at temperature T as
γNs(LH ↔ ¯ ¯LH) = γNt (LL → ¯ ¯HH)
(A.2)T M2,3 3T
6
8π5
|c5| +2 120T
10
π5
|c7|2.
We followed the notation of [4]. Analogous expressions hold
for L = 2 scatterings involving sparticles. The CP asymmetry
is
(A.3)ε1 = 3M18π Im c5 −
3M31
16π
Im c7
in agreement with Eq. (26) of [1]. The above operator ap-
proximation has a general validity and shows that a too large
off-shell wash-out would exclude the whole scenario, not only
our model. One can analytically check that in most of the para-
meter space off-shell wash-out is small enough.
We here present a full numerical computation of thermal
leptogenesis that includes all contributions to wash-out as pre-
dicted by our supersymmetric model. Notice that the generic
expressions for the L = 2 wash-out scattering rates [5] are not
sufficiently accurate in our very specific context. Indeed these
expressions are obtained by modifying the propagators of the
mass-eigenstate right-handed neutrinos Ni and sneutrinos N˜i
(i = {1 2 3, , }) by taking into account the decay widths Γi ac-
cording to the usual prescription:
(A.4)Π (p)ii = 1
p2 − M2i + iΓ Mi i
.
M. Raidal et al. / Physics Letters B 632 (2006) 752–753 753Fig. 3. Fig. 2b of [1] modified taking into account all contributions to L = 2
scatterings. We assumed M1 = 106 GeV, M3/M2 = 2, m˜1 = 10−3 eV. (Colour
online.)
We see that Πii(0) gets modified, spoiling the delicate cancel-
lation that in our model suppresses the dimension-5 operator.
To correctly reproduce this cancellation one has to take into
account that also the off-diagonal Πij propagators develop an
imaginary part.Fig. 3 shows our full result, that can be directly compared
with Fig. 2b in the paper [1], where the off-shell effect was not
included. The new off-shell wash-out is more important than
on-shell wash-out only when λ3 ∼ M2/M1 ∼ 1. As a result,
the region where leptogenesis can be successful survives and
is shaded in green in Fig. 3, getting somewhat reduced. The
constraint on the parameter that controls lepton-flavor violating
signals remains unaltered: λ3  0.1.
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